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Compton	
  Gamma	
  Ray	
  Observatory
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Broad range of energies. 
Several different photon interactions. 
Need several different instruments.
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Pair	
  Produc=on	
  Telescopes	
  (>	
  20	
  MeV)

3

SAS-II (1972) / COS-B (1975) 
25 sources 

CGRO/EGRET (1991) 
271 sources 

Fermi (2008) 
3033 sources
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What	
  Next?
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As we look beyond 2016, what are 
the next steps for space-based 

gamma-ray astronomy? 

There are several technical options 
being discussed…
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Next	
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  Pair	
  Produc=on	
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3rd"FermiRLAT"Catalog"(>100"MeV)"

•  4"years"of"P7"Rep"data,">3000"sources"

12"

Blazars"(57%)"

Pulsars"(5%)"

SNR"and"PWN"(3%)" NonRblazar"AGN"(1%)"
Globular"clusters,"
galaxies,"binaries"
and"more"(1%)"

Unassociated"
(33%)"

50 MeV - 300 GeV 
Utilizes latest technology and lessons 

learned from Fermi.

3FGL Catalog
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Next	
  Genera=on	
  Compton	
  Telescope
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200 keV - 50 MeV 
Utilizes latest technology and lessons 

learned from CGRO/COMPTEL.

The
‚MeV‘ 
gap !

Fermi
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Next	
  Genera=on	
  Grazing	
  Incidence	
  Telescope
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0.1 - 200 keV 
Utilizes latest technology and lessons  

learned from NuStar.
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ASTROGAM	
  -­‐	
  The	
  Next	
  Step?
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ASTROGAM 

Compton / Pair telescope 
optimized for 1-100 MeV, 
including line emissions. 

Improved performance up 
to a few hundred MeV.

  ASTROGAM 3.5 yr survey sensitivity 

Adapted from Takahashi et al. (2013) 
• ASTRO-H/SGD - 3s sensitivity for 100 ks exposure of an isolated point source 
• COMPTEL and EGRET - sensitivities accumulated during the whole duration of the CGRO mission (9 years) 
• Fermi/LAT - 5s sensitivity for a high Galactic latitude source and after 1 year observation in survey mode 
• ASTROGAM - 5s sensitivity for a high Galactic latitude source after 3.5 years in survey mode 

Proposed to ESA 
as new M4 mission.
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For any astrophysical source, we cannot expect to have a 
full understanding of its properties without observing the 
part of the spectrum where it has its peak energy output.  
‣ Without such a measurement, any estimate of 

source energetics is just an approximation. 
‣ Without such a measurement, spectral modeling of 

the source physics will be incomplete.  
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Filling	
  the	
  Gap
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• Any Fermi/LAT source (E>100 MeV) with a photon power-
law spectrum steeper than  E-2 has its peak energy output < 
100 MeV.  

• About 2000 of the 3FGL sources have power-law spectra 
steeper than E-2.  Over 600 of these have spectra steeper 
than E-2.5. 

• These include many Flat Spectrum Radio Quasars (the 
most distant and most energetic LAT sources) as well as 
many unidentified sources. 

• These results guarantee a significant scientific return for 
any lower-energy instrument with reasonable sensitivity. 
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Filling	
  the	
  Gap
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LAT"Unassociated"Source"Spectra"

•  Most"(895/1009)""of"the"unassociated"sources"have"spectra"steeper"
than"ER2""RR"Obvious"discovery"poten:al"for"a"new"MeV"mission!""

15"

Extrapolated"
spectra"of"3FGL"
unassociated"
sources"(spectra"
<R2"are"red"and"
>R2"are"black)"

Extrapolated	
  spectra	
  
of	
  3FGL	
  unassociated	
  

sources	
  	
  

spectra	
  <-­‐2	
  are	
  red	
   
spectra	
  >-­‐2	
  are	
  black	
  

Filling	
  the	
  Gap
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Specific	
  Physics	
  Examples
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Cobalt-56 c-ray emission lines from the type Ia
supernova 2014J
E. Churazov1,2, R. Sunyaev1,2, J. Isern3, J. Knödlseder4,5, P. Jean4,5, F. Lebrun6, N. Chugai7, S. Grebenev1, E. Bravo8, S. Sazonov1,9

& M. Renaud10

A type Ia supernova is thought to be a thermonuclear explosion
of either a single carbon–oxygen white dwarf or a pair of merging
white dwarfs. The explosion fuses a large amount of radioactive 56Ni
(refs 1–3). After the explosion, the decay chain from 56Ni to 56Co to
56Fe generates c-ray photons, which are reprocessed in the expand-
ing ejecta and give rise to powerful optical emission. Here we report
the detection of 56Co lines at energies of 847 and 1,238 kiloelectron-
volts and a c-ray continuum in the 200–400 kiloelectronvolt band
from the type Ia supernova 2014J in the nearby galaxy M82. The line
fluxes suggest that about 0.6 6 0.1 solar masses of radioactive 56Ni
were synthesized during the explosion. The line broadening gives a
characteristic mass-weighted ejecta expansion velocity of 10,000 6
3,000 kilometres per second. The observed c-ray properties are in
broad agreement with the canonical model of an explosion of a white
dwarf just massive enough to be unstable to gravitational collapse,
but do not exclude merger scenarios that fuse comparable amounts
of 56Ni.

The detailed physics of the explosion of type Ia supernovae (for exam-
ple deflagration or detonation) and the evolution4,5 of a compact object
towards explosion remain a matter of debate6–9. In a majority of models,
the ejecta are opaque to c-ray lines during first 10–20 days after the ex-
plosion (because of Compton scattering). At later times, the ejecta become
progressively more transparent and a large fraction of c-rays escapes.
This leads to a robust prediction10 ofc-ray emission from type Ia super-
novae after few tens of days, dominated by the c-ray lines of 56Co. Such
emission has been observed before: the down-scattered hard X-ray con-
tinuum from supernova (SN) 1987A in the Large Magellanic Cloud was
seen half a year after the explosion11,12, andc-ray lines of 56Co were detected
several months later13,14. That was a core-collapse (type II) supernova,
in which the cause of the explosion is completely different from that of
type Ia supernovae. Type Ia events, despite being intrinsically brighter,
are more rare than core-collapse supernovae, and before SN 2014J there
was not one close enough to detect. The recent type Ia SN 2011fe at a dis-
tance of D < 6.4 Mpc yielded only an upper limit on the 56Co line flux15.

SN 2014J in M82 was discovered16 on January 21, 2014. The recon-
structed17 date of the explosion is January 14.75 UT. This is the nearest
type Ia supernova to be detected in at least four decades, at the M82
distance of D < 3.5 Mpc (ref. 18). The European Space Agency satellite
INTEGRAL19 started observing SN 2014J in 2014, from January 31 to
April 24 and from May 27 to June 26. We use the INTEGRAL data taken
between days 50 and 100 after the explosion, the period when the ex-
pected flux fromc-ray lines of 56Co is close to the maximum10. This set of
observations by the SPI and ISGRI/IBIS instruments on board INTEGRAL
has been analysed, excluding periods of strong solar flares, which cause
large variations in the instrumental background (Methods and Extended
Data Fig. 1). The spectrum derived assuming a point source at the
position of SN 2014J is shown in Fig. 1 using red and blue points for
SPI and ISGRI, respectively.

The model spectrum is binned similarly to the observed supernova
spectrum. The signatures of the 847 and 1,238 keV lines are clearly seen
in the spectrum (along with tracers of weaker lines of 56Co at 511 and
1,038 keV). The low-energy (,400 keV) part of the SPI spectrum is not
shown because of possible contamination due to off-diagonal response
of the instrument to higher-energy lines. At these energies, we use ISGRI/
IBIS data instead (Methods).

By varying the assumed position of the source and repeating the flux-
fitting procedure using SPI data (Methods) we construct a 40u3 40u
image of the signal-to-noise ratio in the 800–880 and 1,200–1,300 keV
energy bands (Fig. 2). SN 2014J is detected at 3.9 s.d. and 4.3 s.d. in these
two bands, respectively. These are the highest peaks in both images.

The images obtained by ISGRI at lower energies (100–600 keV) dur-
ing the observations of SN 2014J and in October–December 2013, that
is, a few months before the SN 2014J explosion (see Methods for the
details of the earlier observation), are shown in Fig. 3. An inspection of
images in the 25–50 keV band shows that the fluxes observed in 2013
and 2014 are similar, whereas at higher energies (.100 keV) there is
excess at the position of SN 2014J only in the 2014 data. Previous ISGRI
observations of this field in 2009–2012, with a total exposure of about
6 3106 s, revealed no significant signal at energies .50 keV from M8220.

A combination of imaging and spectral analysis provides robust evi-
dence of c-ray emission from SN 2014J. As expected, much of the sig-
nal comes from the 800–900 and 1,200–1,300 keV bands, where two

1Space Research Institute (IKI), Profsouznaya 84/32, Moscow 117997, Russia. 2Max Planck Institute for Astrophysics, Karl-Schwarzschild-Strasse 1, 85741 Garching, Germany. 3Institute for Space
Sciences (ICE-CSIC/IEEC), 08193 Bellaterra, Spain. 4Université de Toulouse, UPS-OMP, IRAP, Toulouse, France. 5CNRS, IRAP, 9 Avenue colonel Roche, BP 44346, F-31028 Toulouse Cedex 4, France. 6APC,
Université Paris Diderot, CNRS/IN2P3, CEA/Irfu, Observatoire de Paris, Sorbonne Paris Cité, 75205 Paris Cedex 13, France. 7Institute of Astronomy of the Russian Academy of Sciences, 48 Pyatnitskaya
Street, 119017Moscow, Russia. 8ETSAV, Universitat Politecnicade Catalunya,Carrer Pere Serra 1-15, 08173 Sant Cugat del Valles, Spain. 9Moscow Institute of Physics and Technology, Institutsky pereulok
9, 141700 Dolgoprudny, Russia. 10LUPM, Université Montpellier 2, CNRS/IN2P3, CC 72, Place Eugène Bataillon, F-34095 Montpellier Cedex 5, France.
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Figure 1 | Gamma-ray lines from Co decay at 847 and 1,238 keV in the
spectrum of SN 2014J. The spectrum was obtained by INTEGRAL between
days 50 and 100 after the outburst. Red and blue points show SPI and
ISGRI/IBIS data, respectively. The flux below 60 keV is dominated by the
emission of M82. The black curve shows a fiducial model of the supernova
spectrum for day 75 after the explosion. Inset, lower-energy part of the
spectrum (black). The expected contributions of three-photon positronium
annihilation (magenta) and Compton down-scattered emission from 847
and 1,238 keV lines (green) are also shown. All error bars, 1 s.d.
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56Co decay lines from 
SN2014J 

(Churazov et al. 2014)
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Science	
  Ques=ons
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Matter and Antimatter in our Galaxy and Beyond  
• What is the physics of thermonuclear and core-collapse supernovae?  
• How is nuclear enrichment in our Galaxy related to SN activity and star formation?  
• Are supernova remnants responsible for cosmic-ray acceleration up to PeV energies?  
• How is the central black hole in the Galactic Center powering the surrounding regions?  
• What is the source of the puzzling antimatter in the Galactic Center?  

Accelerators in the Nearby & Distant Universe  
• How are relativistic jets launched?  
• How does the disk/jet transition occur?  
• Is magnetic field reconnection at work in high-energy sources?  
• How is the MeV extragalactic background produced?  
• Where do ultra-high-energy cosmic rays (UHECRs) originate?  
• What is the physics of acceleration and transient nuclear spectroscopy in solar flares?  
• How are Terrestrial Gamma Ray Flashes (TGFs) generated?  

Fundamental Physics and New Messengers  
• What is the nature of Dark Matter?  
• Are MeV-GeV sources related to the emission of gravitational waves and neutrinos?  
• What is the connection of gamma-ray bursts (GRBs) to gravitational collapse?  
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Gamma	
  Ray	
  Science	
  Interest	
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GammaSIG Website 
(http://pcos.gsfc.nasa.gov/sags/gammasag.php) 

Mailing List 
(hZp://pcos.gsfc.nasa.gov/sags/gammasag/gammasag-­‐maillist.php)

Our	
  goal	
  for	
  this	
  year	
  is	
  to	
  develop	
  a	
  community	
  
roadmap	
  for	
  the	
  future	
  of	
  space-­‐based	
  gamma	
  ray	
  

astronomy	
  in	
  the	
  US.	
   

A	
  major	
  result	
  of	
  this	
  effort	
  will	
  be	
  to	
   
provide	
  input	
  to	
  the	
  next	
  decadal	
  survey.

http://pcos.gsfc.nasa.gov/sags/gammasag.php
http://pcos.gsfc.nasa.gov/sags/gammasag/gammasag-maillist.php
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Recent	
  and	
  Upcoming	
  Events

Future	
  Space-­‐Based	
  Gamma-­‐Ray	
  Observatories	
  	
  
Feb	
  5-­‐7	
  workshop	
  @	
  NASA/GSFC  
hZp://asd.gsfc.nasa.gov/conferences/future_gamma_obs/	
  

The	
  Gamma-­‐Ray	
  Sky	
  with	
  ASTROGAM	
  	
  
Mar	
  26-­‐27	
  workshop	
  @	
  Paris  
hZp://astrogam.iaps.inaf.it/Program_Astrogam2.html  

Mini-­‐Symposium	
  on	
  Future	
  Gamma-­‐Ray	
  Missions	
  	
  
April	
  APS	
  Meefng	
  @	
  Balfmore	
  

PCOS	
  Mini-­‐Symposium	
  	
  
April	
  APS	
  Meefng	
  @	
  Balfmore 

High	
  Energy	
  Large	
  and	
  Medium-­‐class	
  Space	
  Missions	
  in	
  the	
  2020s	
  
Jun	
  29	
  -­‐	
  Jul	
  1,	
  	
  HEAD	
  Meefng	
  @	
  Chicago
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